Introduction
Since phosphines and pyridines serve as efficient ligands in homogeneous transition-metal catalyzed reactions, design and modification of the ligands have been extensively investigated to realize high catalytic activity and selectivity. 1 However, major trials to modify the ligands have yet been carried out within proximal substitients around the catalyst metal center. For example, very bulky phosphines such as P(t-Bu) 3 and tricyclohexylphosphine (PCy 3 ) were utilized to be effective ligands in transition metal catalyzed reactions. 2 Alternatively, design and preparation of nano-sized ligands with bulky substituents located remotely from catalyst center might be promising, which would show unprecedented catalytic performance. There have been several reports in which nano-sized ligands were used in transition-metal catalyzed reactions, but so far their success was rather limited. 3 In this review, we summarize recent progress from our laboratoty in the field of nano-sized dendrimer pyridine and phosphine ligands having tetraphenylphenyl-, 4 m-terphenyl-, 5 and poly(benzylether) moieties. 6 These ligands show remarkable catalytic performance in Pd-catalyzed alcohol oxidation 4 and Rh-catalyzed ketone hydrosilylation. 5 In addition, we synthesized novel phosphine ligands having calixarene moieties (phosphinocalixarenes). [7] [8] [9] [10] Phosphinocalixarenes are attractive ligands since they have well-defined cavity to create a spacially confined nano-sized environment upon complexation with transition metals. 11 Coordination properties of several phosphinocalixarenes with Pd(II), Pt(II), Ru(II) metals 8, 9 as well as molecular recognition properties of their Ir(I), and Rh(II) cationic complexes 10 were also documented here.
Pd-catalyzed aerobic oxidation of alcohols with pyridine ligands having tetraphenylphenyl moiety
4 Nano-sized pyridine ligands having tetraphenylphenyl moieties (1a-e) were synthesized by utilizing Diels-Alder reaction of ethynylpyridine with corresponding 2,3,4,5-tetraarylcyclopentadienone (Figure 1 ).
12
Complexation of 1 with Pd(OAc) 2 afforded Pd(OAc) 2 (1) 2 quantitatively. The X-ray structure of Pd(OAc) 2 (1a) 2 revealed that the 2,3,4,5-tetraphenylphenyl substituent at the 3-position of the pyridine ring spatially spreads out and covers the nano-sized area over the long-range from the Pd center ( Figure 2 ). However, steric congestion around the Pd coordination sphere is essentially the same that of corresponding pyridine complex Pd(OAc) 2 (Py) 2 , 13 implying the large substituent at the 3-position would not obstruct the metal center. The ligands 2a and 2b were compared with other common phosphine ligands in Rh-catalyzed hydrosilylation of cyclohexanone with HSiMe 2 Ph (eq 2, Table 2 ). In the presence of 0.5 mol% [RhCl(C 2 H 4 ) 2 ] 2 combined with 2a (P/Rh = 2), the reaction proceeed at room temperature for 3 h and cyclohexanol was obtained in 97% yield after a desilylation (entry 1). In contrast, 2b afforded the product only in 25% yield under the similar reaction conditions (entry 2). The reactions with other conventional triarylphosphines (entries 3-6) and trialkylphosphines (entries 7-9) were sluggish showing lower catalytic activity than 2a. Thus the phosphine ligand having methyl substisuents at 2,2",6,6"-positions, 2a, showed marked rate enhancement effect in the hydrosilylation. A kinetic study indicated that the 2a ligand realized 154, 31, and 28 times faster reaction than PPh 3 , 2b, and P(o-tol) 3 , respectively.
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Phosphine Ligand The rate enhancement with 2a was also evident using other silanes such as HSiEt 3 and ketones such as acetophenone and (-)-menthone ( This long-range steric effect of 2a prevailed the formation of Rh mono-phosphine spiecies which facilitate the rate enhancement toward hydrosilylation. 6 Mono-(3a-c) and bidentate (3d-e) dendrimer-phosphine ligands connecting Frećhet type poly(benzylether) unit were synthesized as shown in Figure 2 . The defect-free monodisperse nature of 3 was confirmed by 31 P NMR and ESI mass spectra. With the chelating phosphines (3d and 3e), bis-Pt(0) complexes (Pt(3d) 2 and Pd(3e) 2 ) were obtained in high yields by the reaction of PtCl 2 (COD) followed by reduction with NaBH 4 .
Nano-sized Pt(0)-phosphine complexes having polybenzylether moiety
Scheme 1. Synthesis of Pt(II) and Pt(0) complexes with monodentate dendrimer-phosphine ligands (3a,b)
Figure 3. Pt(0) complexes of bidentate dendrimer-phosphine ligands (3d and 3e)
The molecular modeling of 3e showed the Pt(0) complex has nanosized flattened globular structure and the diameter of 3e is estimated to be 4.4 nm.
Furtherm room in some catalytic transformations. [4] arene adopting partial cone 7 and 1,3-alternate conformations 8 We synthesized two kinds of tetraphosphinocalix [4] arenes (4a and 4b) ligands ore, several cavities appeared around the Pt, which might be utilized as a guest adopting partial cone (4a) and 1,3-alternate (4b) conformations (Figure 4 ). [4] arene (5) R R
Nano-sized metal-phosphine complexes having calix[4]arene moiety

5-1. Preparation and complexation of tetraphosphinocalix
R = n-Pr (4b) O O O O
5-2. Fluxional behavior of nano-sized Pt(II) and Pd(II) complexes of bis(diphenylphosphino)calix
9
The diphosphinated calix [4] With regard to the phosphinocalixa p n oieties (6) X-ray crystal analysis showed 7a has a capsule-shaped structure having three iridium metals and two calix [6] arene moieties ( Figure 6 ). The complex possessed an inner nano-sized cavity and one CH 2 Cl 2 molecule was encapsulated in the cavity. In the structure of 7a, three inequivalent phosphorous atoms (P1, P2, and P3) existed in a 1: 1: 1
Hz), and 16.4 (s) ppm ( Figure 7 ). Activation enthalpies for these dynamic behaviors which equalized the three P atoms were determined by simulating 23 these spectra at (Table   4) . As a result, these molecules in Table 4 
Conclusion
A variety of nano-sized ligand having having t e ny poly(benzylether), and calix[n]arene (n = 4 and 6) unit have been synthesized. The tran n-me complexes with the present nd ed re ar effect homogeneous catalysis, unique fluxional b vi solutio , molecu recognition properties during dynamic motion.
